This chapter summarizes our current understanding of the stellar population properties of bulges and outlines important future research directions.
2013; Querejeta et al., 2015; Eliche-Moral et al., 2011; Obreja et al., 2013) . However, getting information on the ages, metallicities and abundances ratios in the different types of bulges constitute, undoubtedly, a strong constrain for scenarios of bulge formation and, therefore, several authors have studied the problem. With the exception of the MW and M31, in which we can resolve individual stars, studies of bulges have to deal with integrated properties, through their mean color or absorption lines. Such unresolved stellar populations studies have been far less common for bulges than for elliptical galaxies. The reason is that disk galaxies have more dust and ionized gas. The first affects the colors and the second fills the Balmer lines, the most important age diagnostics in the optical. In addition, bulges have, in general, lower surface brightness than ellipticals and the presence of several morphological components, such as disks, bars, rings, etc., complicates the interpretation of the results. Lastly, the light coming from the disk may contaminate the bulge spectrum in a way that is difficult to quantify. This problem is especially acute for studies of stellar population gradients.
Furthermore, over many years, unresolved stellar populations studies have been done comparing the integrated colors or absorption lines with the theoretical predictions for single stellar populations (SSP); that is, an essentially coeval population of stars formed with a given initial mass function with the same chemical abundance pattern. While this scenario may not be a bad approximation for massive elliptical galaxies, bulges, especially those formed secularly, are believed to have a more extended star formation history. This means that the young populations, which have low mass-to-light ratios, bias the analyses of composite populations, if present (e.g. Trager et al., 2000) .
The relatively low number of studies, the small -and biased -samples, and the difficulties pointed out above have led to a lack of consensus about important results concerning the stellar populations of bulges, as I will show in this review. However, in the last decade, stellar population models which predict not only individual spectral features, but the entire synthetic spectra for a population of a given age and metallicity (Vazdekis, 1999; Bruzual & Charlot, 2003; Vazdekis et al., 2010; Coelho et al., 2007; Walcher et al., 2009; Conroy et al., 2014) have been released. The availability of these models is stimulating the development of numerical algorithms to invert the observed galaxy spectrum onto a basis of independent components (combination of single stellar populations, age-metallicity relation, and dust extinction). Also, new specialized software allow the separation of the light coming from the stars and ionized gas in a reliable way (e.g. Sarzi et al., 2006) . In addition to this, new data from integral field spectrographs (e.g. Bacon et al., 2001; Cappellari & et al., 2011; Blanc et al., 2013) are changing the way we see galaxies (Sánchez & et al., 2012; Rosales-Ortega et al., 2010) . The analysis of these datasets allows one to associate stellar population properties with morphological and kinematical characteristics of the galaxies, making the interpretation of stellar populations more secure. Therefore, the development of the field is very promising and we foresee important advances in the decades to come.
In this chapter, I will try to review the state of the art in the area, trying to highlight the necessary steps to get a better understanding of the star formation histories of these complex systems. Section 2 summarizes the general results obtained with single apertures. Section 3 compile the works on the possible influence of bars in the stellar populations of bulges and on the stellar populations of bars themselves. Section 4 outline the results obtained with full spectral fitting techniques and Sect. 5 reports on the studies of stellar population gradients in bulges. In Sect. 6, I show the results about the possible connection between the stellar populations of bulges and disks while in Sect. 7 the main results are summarized. In Sect. 8, I give some thoughts of what I think the next steps for the study of stellar populations in bulges should be.
Results obtained with single aperture

General properties
The first studies of stellar populations in bulges were performed using optical and near-infrared broadband photometry (Balcells & Peletier, 1994; Terndrup et al., 1994; Peletier & Balcells, 1996; Bell & de Jong, 2000; de Jong, 1996) . These works demonstrated that changes in the bulge colors are linked to galaxy luminosity, potential well, and local surface brightness, with more massive/luminous bulges and higher surface brightness regions being redder than less massive/luminous and lower surface brightness ones. They also showed that early-type bulges are red, as red as elliptical galaxies, and with very little dispersion in their colors (Peletier & Balcells, 1996) . These results do not apply to the few late-type galaxies analyzed, where significantly bluer colors are measured.
Early interpretation of these data pointed to early-type bulges being as old as ellipticals with late-type, less massive ones being younger and/or more metal poor. The small dispersion in the colors was interpreted as being due to small dispersion in the age of early-type bulges (maximum of ∼2 Gyr). This, in principle, is in agreement with the classical and disky bulge formation scenarios (see Sect. 1) if, as it seems the case, secularly formed disky bulges are more common in late-type and in less massive galaxies (Kormendy & Kennicutt, 2004; Ganda et al., 2009) 
One problem of using colors is the well known age-metallicity degeneracy (Worthey, 1994) . Bluer bulges can be either younger or more metal poor and, without this information, it is difficult to extract conclusions about their formation mechanisms. Further complications are the presence of emission lines and dust extinction that also affect the colors. In particular, dust extinction depends on the inclination and, therefore, inclination is another parameter that needs to be taken into account when comparing the colors of different types of bulges and also when comparing 1 Note, however, that a significant number of local massive spiral galaxies appears to have dominant pseudobulges, defined as those bulges with n < 2, that includes both disky and boxy/peanut bulges . Furthermore, pseudobulges are also found in S0 galaxies (Laurikainen et al. 2012). the results from different studies (see Ganda et al., 2009 ). All these obstacles make very difficult to extract useful conclusions about the stellar populations of bulges using only colors. For these reasons studies with colors need to be complemented with those using information of the absorption lines with different sensitivities to age and metallicity and that are not affected by dust extinction (MacArthur, 2005) .
The first spectroscopic studies of bulges analyzed the relation of line-strength indices (the so-called Lick/IDS indices, see Gorgas et al., 1993; Worthey et al., 1994) with the central velocity dispersion (σ hereafter) -used as a proxy for the dynamical mass of the galaxy. Lick/IDS indices measure the strength of the most prominent absorption lines in the optical galaxy spectra and are sensitive to changes of the mean age, chemical abundances and, to a lesser extent, the initial mass function (e.g. Vazdekis et al., 2010; Bruzual & Charlot, 2003; Thomas et al., 2003; Schiavon, 2007; Conroy & van Dokkum, 2012) . These studies confirmed the similarity of bulges with elliptical galaxies for early-type galaxies (earlier than Sbc, Bender et al., 1993; Fisher et al., 1996; Idiart et al., 1996) .
However, it has been pointed out that this similarity may be due to the fact that the majority of these early analyses were performed on samples that are biased towards early-type spirals (earlier than Sbc, Kormendy & Kennicutt, 2004) . In the last few years, however, several studies have included in their samples late-type bulges and analyzed, mostly, the relation between the Mg-sensitive indices (Mg 2 and Mgb) and the central σ . When these bulges were included, differences between elliptical and bulges were found. However, the nature of these differences is still not clear. Some authors claim that bulges are located below the Mg-σ relation obtained for ellipticals, which is commonly interpreted as bulges having a younger stellar population (Prugniel et al., 2001; Chiappini et al., 2002; Ganda et al., 2007; Morelli et al., 2008) . Other authors find that the slope of the Mg-σ is steeper for bulges (Falcón-Barroso et al., 2002) , while Trager et al. (1999) and Proctor & Sansom (2002) report that only low-mass bulges depart from the relation between spectral indices and σ drawn by large bulges. On the other hand, other studies do not find any systematic difference in the Mg-σ relation of bulges and elliptical galaxies but find that the scatter among this relation for bulges is larger than the equivalent one for ellipticals (Moorthy & Holtzman, 2006; Peletier et al., 2007) . Similar conclusions were obtained using other line-strength indices.
Some of the discrepancies in the conclusions of different studies may be due to differences in the mass distribution (or central σ ) of the selected sample. For example, Fig. 1 shows the relation between the Mgb and Hβ indices (measured in magnitudes) for a sample of late-type and early-type bulges and elliptical galaxies from Ganda et al. (2007) . It can be seen that despite the relations between line-strength and indices followed by late-type bulges and early-type galaxies running apparently parallel to each other, the differences may just be related with the different range of central σ . In fact, the differences disappear at low-σ , where even early-type galaxies (E and S0 2 ) deviate from the relation defined by massive ellipticals. Fig. 1 Line-strength indices Mgb ′ and Hβ ′ expressed in magnitudes, against central velocity dispersion. The black symbols represent the sample of late-type bulges from Ganda et al. (2007) , and the blue and the red symbols, the sample of Sa galaxies and E and S0 respectively from the SAURON survey. The dotted and dashed-dotted black lines over-plotted in both panels are the relations obtained by Sánchez-Blázquez et al. (2006a) for low-and high-density environments, respectively, and the green solid lines are the relations determined using the late-type galaxy sample. Representative error bars are added at the bottom right of each panel; the black one refers to both the early-and late-type spiral samples, while the red one refers to the E/S0 galaxies. Figure taken from Ganda et al. (2007) .
Furthermore, bulges, contrary to massive elliptical galaxies, are rotationally supported. Some authors have cautioned (Prugniel & Simien, 1994; Falcón-Barroso et al., 2002) that by not taking into account the rotation in the σ measurements, one may be underestimating their binding energy. The contribution to the rotation may by calculated as 0.5 log(1 + 0.62V 2 /σ 2 ), as in Prugniel & Simien (1994) , where V is the rotational velocity. Falcón-Barroso et al. (2002) claim that a mean V /σ = 0.5 suffices to bring the bulges back to the Mg 2 -σ relation defined by giant ellipticals 3 . Other studies have also claimed a better correlation between the line-strength indices and V max (an indicator of the total potential well) than between line-strength indices and the central σ (Prugniel et al., 2001 ).
Comparison with SSP models
Nevertheless, the similarity found by some authors between the index-σ relation of bulges and elliptical galaxies may not reflect a real similarity in their stellar content. Line-strength indices are not free from the age-metallicity degeneracy (e.g., Mg 2 and Mgb can be lower in younger or in more metal stellar populations). Therefore, large differences between the ages of bulges and ellipticals could exist and not be reflected in these relations if there is a complementary age-metallicity relation (e.g. Trager et al., 2000) . The advantage of using these characteristics, though, is that the sensitivity to variations of age and metallicity of each different index varies. A way to partially break the age-metallicity degeneracy is to combine indices more sensitive to mean age variations (i.e., the Balmer lines) with those more sensitive to abundance variations in the so-called index-index diagrams. Figure 2 shows one of these diagrams combining the composite index
which is fairly insensitive to variations of [α/Fe] abundances 4 and the Balmer index Hβ . Several authors have used this technique to compare the index values with the predictions of SSP models. These comparisons show that bulges have a large range in SSP-equivalent ages from ∼2 to 13.5 Gyr Moorthy & Holtzman, 2006) and metallicities. They also report a correlation between both the SSPequivalent age and metallicity and central σ . In general, they found that more luminous/massive bulges were older and more metal rich. They also inferred that more massive bulges have a larger ratio of α-elements 5 with respect to Fe, which is usually interpreted as more massive bulges forming their stars on shorter timescales. The relations were similar to those found for elliptical galaxies (Bica, 1988; Jablonka et al., 1996; Idiart et al., 1996; Casuso et al., 1996; Goudfrooij et al., 1999; Trager et al., 1999; Thomas & Davies, 2006; Moorthy & Holtzman, 2006; Jablonka et al., 2007; Ganda et al., 2007) . On the other hand, Proctor & Sansom (2002) and Prugniel et al. (2001) found that, contrary to what happens in elliptical galaxies, both Fe and Mg were correlated with σ in bulges, resulting in the lack of a tight correlation between Mg/Fe (a proxy for [α/Fe]) and σ . This result needs to be corroborated by other studies.
Similar to the results obtained with line-strength indices, the comparison of SSPequivalent parameters of bulges and ellipticals reveal that both have very similar properties, at least in samples of bulges earlier than Sbc. Figure 3 illustrates the relation between the SSP-equivalent ages, metallicities, and [α/Fe], and the central σ for bulges, S0, and elliptical galaxies (Thomas & Davies, 2006) . It can be seen that, at a given central σ , the stellar population parameters of bulges and elliptical galaxies are indistinguishable. These results support the idea that bulges (with mor- [MgFe] ′ in the central regions of bulges and ellipticals. Magenta crosses are galaxies from Trager et al. (1999) . Green symbols are bulges and ellipticals from Proctor & Sansom (2002) . The MW (Puzia et al., 2002) and M31 (Puzia et al., 2005) are shown as '+' symbols. Blue and red symbols are from Moorthy & Holtzman (2006) . The color of the symbol is chosen according to whether they are redder or bluer than B-K=4. Larger sizes indicate larger central velocity dispersion. Bulges for which there is no color information are in black. Solid lines represent the predictions of Thomas et al. (2003) for SSPs of constant metallicity (as indicated in the labels) while dotted lines represent the predictions for populations of constant age, with age increasing towards the bottom of the panel. For other details regarding the figure see Moorthy & Holtzman (2006) . phological types earlier than Sbc) were formed with very little influence from the disk, in a process similar to the one that formed elliptical galaxies. In samples that contained late-type galaxies (later than Sbc), both Prugniel et al. (2001) and Moorthy & Holtzman (2006 , see also Morelli et al. 2008 ) find three types of bulges in the comparison of line-strength indices and stellar population models: the old-metal rich (OMR), the young metal rich (YMR) -which are bulges with ages less than 3 Gyr and super-solar metallicities -and the metal poor (MP), with sub-solar metallicity. These classes seem to be sensitive to the Hubble type. All the early-type (S0-Sab) bulges are metal-rich. The red early-type bulges are in the OMR region while the blue early-types reside in the YMR region. Metal-poor Open circles are early-type galaxies from Thomas & Davies (2006) , ellipses are spiral bulges with ellipticity increasing for the later-types (see labels in the right-hand bottom panel) and the filled square is the integrated light of the MW bulge. Small grey-filled circles are early-type galaxies from Thomas et al. (2005) . Central stellar populations are shown. Figure taken from Thomas & Davies (2006). bulges are all late-types, but late-type bulges are found in all three regions. A comparison of the SSP properties of late-type bulges and ellipticals galaxies at a similar σ , however, remains to be done and, therefore, as it was the case with the linestrength indices, it is not clear if late-type bulges are younger, for being late-type, or for having low σ .
Relation between stellar population and structural properties
A more direct way to test the different proposed scenarios for bulge formation is to compare the stellar population properties of a sample of bulges with morphological or dynamical properties that distinguish them as classical, disky, and boxy/peanut. As we have seen in previous chapters (see Chapter 2.2), there are several observables used to separate bulges and pseudobulges and different authors have employed different properties to perform this task. Carollo et al. (2001) analyzed V, H, and J HST images of a sample of bulges with exponential (typical of disky and boxy/peanut bulges) and R 1/4 luminosity profiles (typical of classical bulges), finding the former, on average, bluer than the latter (by ∼0.4 mag in < V − H >), which could be the consequence of a younger and/or of a lower metallicity stellar population. They also found, in agreement with the results of Peletier & Balcells (1996) , that the colors of those bulges showing a R 1/4 profile were red and very homogeneous, while for the exponential bulges the scatter was significantly larger 6 . They interpreted these results as a delayed formation of the exponential bulges compared with those having an R 1/4 profile, which formed their stars in the early Universe. Drory & Fisher (2007) used a different approach and separated classical and pseudobulges morphologically. Pseudobulges were those showing nuclear bars, nuclear spirals, and/or nuclear rings and classical bulges those featureless structures rounder than the outer disk. Separating the bulges in this way and comparing with their visual morphological types, they studied the location of bulges in the color-magnitude diagram, finding that Sc galaxies and later types do not contain classical bulges and are located almost entirely in the blue cloud in the color-magnitude diagram. Intermediate Sa-Sbc type galaxies, on the contrary, contain both classical and pseudobulges. While 87% of the galaxies with pseudobulges were in the blue cloud, all galaxies with classical bulges were in the red-sequence. These authors stress that the differences in colors are not due to a different contribution of bulge and disk to the total galaxy color as blue and red galaxies share a range in bulge-to-total ratio. This is shown in Fig. 4 , where the global color of the galaxies is plotted as a function of the bulge-to-total (B/T) ratio. It can be seen that both bulges and pseudobulges coexist in the region of B/T values ranging from 0.05 to 0.45 and that, in this region, classical bulges are redder than pseudobulges. They also found that, in general, pseudobulges classified with the morphological features described above were more diffuse and had lower Sérsic indices than classical bulges.
Another way of separating classical bulges from pseudobulges was adopted by Gadotti (2009) who identified pseudobulges as those lying below the Kormendy relation (Kormendy, 1977) defined by elliptical galaxies. He established that pseudobulges defined this way were, in general, 0.2 mag bluer in the (g − i) color than the classical bulges. On the other hand, Fernández Lorenzo et al. (2014) , who used the Sérsic index to differentiate between classical and pseudobulges, found the latter as red as the former at the same luminosity. Only in fainter pseudobulges they did measure bluer colors.
Again, colors are affected by the age-metallicity degeneracy and dust extinction and, in principle, more information may be obtained from the study of absorption lines and their comparison with stellar population models. Several works have also compared the line-strength indices of bulges with different structural characteristics (Williams et al., 2012; Gadotti, 2009) . The first studied a sample of edge-on boxy/peanut bulges finding that they follow the same central index-σ relation as elliptical galaxies (see also Jablonka et al., 2007) , although the sample was biased towards early-type galaxies (S0-Sb). On the other hand, Gadotti (2009) found a strong correlation between the D4000 index and the Sérsic index (n), indicating younger populations 7 in galaxies with lower n. On the contrary, for a sample of early-type galaxies, Vazdekis et al. (2004) did not find a correlation between n and age, while they found a strong correlation between n and [Mg/Fe]. The different behavior for bulges and ellipticals is very interesting, but more studies of this kind using larger samples are still needed to confirm or refute the trends. Note that the only study targeting specifically boxy/peanut bulges is that of Williams et al. (2012) . The rest of studies cited above usually include both disky and boxy/peanut bulges in the same category, the 'pseudobulge' sample.
The current lack of consensus between studies may be due to different criteria to separate classical and pseudobulges. Some might include disky and boxy/peanut bulges in the same category, pseudobulge, without making any distinction between them. Furthermore, different distributions of the galaxy luminosities can also lead to discordant results. It is clear that low-luminosity, low-mass bulges are bluer than more massive and brighter ones, but it is not clear if, at the same luminosity, bulges with different structural characteristics share the same color.
Bulges as composite systems
Thanks to the 2-dimensional data of the SAURON survey (Bacon et al., 2001 ), Peletier et al. (2007) (see also Sil'chenko & Afanasiev, 2004) noticed that, when present, young stellar populations in their sample of early-type bulges were concentrated near the center, in disks or in annuli suggestive of resonance rings (Byrd et al., 1994) . Peletier et al. (2007) realized that the studies comparing the line-strength indices of bulges and elliptical galaxies could be divided into two categories: those targeting inclined galaxies, which do not find any difference between the index-σ relation of bulges and ellipticals, and those sampling almost face-on galaxies, which find younger stellar populations in bulges compared with those of elliptical galaxies and a large scatter in the line-strength indices at a given σ . The differences are especially visible in galaxies with low σ . They argue that bulges are composite systems, with two or more types of bulges coexisting in the same galaxies. The classical bulge is composed mainly of an old and metal rich population and the disky and boxy/peanut bulge can be younger and contain more metal-poor stars (although it can also be old). The discrepant results obtained in samples of different inclinations can be explained, according to these authors, by the different contribution to the bulge light of different subcomponents (classical, disky, and boxy/peanut). If the young component is a disk, then it is concentrated in a plane and it would not be observed in edge-on galaxies. These young components, however, do contribute to the integrated light of less inclined samples (if they are limited to the central regions). The result is supported by the observation of central dips in the velocity dispersion maps in 50% of the galaxies of their sample.
The coexistence of 2 or more types of bulges (classical, disky, and boxy/peanut) in some galaxies has been pointed out by several authors (Athanassoula, 2005; Gadotti, 2009; Nowak et al., 2010; Kormendy & Barentine, 2010; Erwin, 2008) and is supported by theoretical studies (Obreja et al., 2013; Samland & Gerhard, 2003) . Obreja et al. (2013) propose a picture were the centers of most early-type spirals contain multiple kinematic components: an old and slowly rotating elliptical-like component, and one or more disk-like, rotationally supported components which are typically young but can also be old.
This 'two component model' also explains the properties of our MW bulge. The MW is considered to have a boxy bulge, yet increased evidence of an old, α-enriched stellar population that formed on a short time-scale has resulted in a two component model (e.g. Tsujimoto & Bekki, 2012) . It has been shown that two stellar populations coexist in the Bulge separated in age and metallicity (McWilliam & Rich, 1994; Feltzing & Gilmore, 2000; van Loon et al., 2003; Groenewegen & Blommaert, 2005; Zoccali et al., 2006; Fulbright et al., 2007; Zoccali et al., 2008) and that the separation extends somewhat to kinematics (Zhao et al., 1994; Soto et al., 2007) , even if age determinations through color-magnitude diagram shows that most bulge stars in the Galaxy are older than 10 Gyr (Ortolani et al., 1995; Feltzing & Gilmore, 2000; Zoccali et al., 2006; Clarkson et al., 2008) .
The task of isolating the stellar population properties of the different subcomponents forming a bulge is difficult. Still, it has been tried by some authors. For exam-ple, Williams et al. (2011) study the stellar populations of two edge-on boxy/peanut shaped bulges. They place the slit along the major axis and observe with three offset in parallel positions. They found that NGC 1381 has a boxy bulge, with stellar rotation neither cylindrical (as would be expected for bars seen edge-on) nor strongly non-cylindrical and with a double hump on the rotation curve. The galaxy shows a metallicity gradient but no age gradient and a positive [α/Fe]. They explain the properties of these galaxies in an scenario where NGC 1381 has the three classes of bulges. The classical bulge formed their stars rapidly and explain the general trend in [α/Fe] as a function of height, as disk light (with its lower [α/Fe]) contributes less and less to the integrated spectrum. The boxy appearance is explained by the simultaneous presence of a bar (which appears boxy in projection), and the double hump of the rotation curve hints at the presence of a small disky pseudobulge (see also Sil'chenko et al., 2010) .
The influence of bars in building up the bulge
It seems clear that some bulges have central disks , often (but not always) with young stars, which is usually linked to disk gas inflow and central star formation caused by internal secular processes related with the presence of a bar (Friedli & Benz, 1995; Norman et al., 1996; Noguchi, 2000; Immeli et al., 2004) . However, this central rotationally younger component does not necessarily form due to internal processes. Major and minor mergers and external accretion of gas may result in the formation of a disky bulge (e.g. Guedes et al., 2013; Querejeta et al., 2015) . This idea may be supported by some observational studies. For example, Kannappan et al. (2004) found, in a sample of disky bulges selected to be blue and, therefore, with central young stars, that all of them showed signs of recent interactions.
Hydrodynamical cosmological simulations predict that both secular and external processes contribute to create disky pseudobulges with similar characteristics in both cases, rotationally supported and with a young and metal poor stellar population (Obreja et al., 2013; Guedes et al., 2013) . Eliche-Moral et al. (2011) also analyze the effects of minor mergers on the inner part of disk galaxies, finding this process to be efficient in forming rotationally supported stellar inner components, i.e., disks, rings or spiral patterns (see also Domínguez-Tenreiro et al., 1998; Aguerri et al., 2001; Scannapieco et al., 2010) .
A way to quantify the importance of secularly formed disky bulges is to compare properties of galaxies with and without bars. While it has been found that H α emission is enhanced in early-type spirals with bars with respect to those early-type nonbarred (e.g. Ho et al., 1997; Huang et al., 1996; Alonso-Herrero & Knapen, 2001; Jogee et al., 2005; Ellison et al., 2011) , the evidence supporting the bulge building by bars from the ages of its stars has proven to be elusive. Several authors have tried the comparison using samples of face-on galaxies, where it is easy to morphologically identify the bar. The differences, however, have not been firmly established. Moorthy & Holtzman (2006) and found hints of lower ages and higher metallicities in barred galaxies compared to their counterparts in unbarred at a given σ 8 . They also found higher [α/Fe] abundances in barred galaxies with central velocity dispersion 2.2 > log σ (km/s) > 2.35, but the opposite for 2 > log σ (km/s) > 2.2. At fixed σ and V max , barred galaxies appear to have larger central values of [MgFe] ′9 (which can be used as an indicator of metallicity independent of [α/Fe], see above) than non-barred galaxies (or galaxies with elliptical shape bulges) of the same σ or V max . The differences, however, were not very significant in a statistical sense.
On the other hand, Jablonka et al. (2007) found no difference between the stellar population properties of edge-on barred and non-barred galaxies. However, it may be difficult to detect a bar in an edge-on galaxy. de Lorenzo-Cáceres et al. (2012) and de Lorenzo-Cáceres et al. (2013) analyzed the stellar populations in the center of double-barred early-type S0s and spirals finding some signs of gaseous flows and young stellar populations. This population was not very prominent though. Nevertheless, all the above studies were affected by poor number statistics. Coelho & Gadotti (2011) observed 575 face-on bulges in disk galaxies, of which 251 contain bars. They found that, for bulges with masses between 10 10.1 M ⊙ and 10 10.85 M ⊙ , the distribution of ages in barred galaxies is bimodal with peaks at 4.7 and 10.4 Gyr. This bimodality is not seen in non-barred galaxies of a similar bulge mass range. The age distribution of barred and non-barred galaxies is, per contra, similar for bulges of masses lower than 10 10.1 M ⊙ (i.e., the differences are only seen in massive bulges). These authors did not find any difference in the metallicity distribution of barred and non-barred galaxies. These results are summarized in Fig. 5 where the distribution of ages for several mass intervals is shown for samples of barred and non-barred galaxies.
Therefore, it is still not clear if there are differences between the stellar populations of galaxies with and without bars. What seems clear though is that, if there are differences, they are only visible in massive, early-type galaxies, a result that is supported by other studies analyzing the molecular gas concentration (Sakamoto et al., 1999) . This is often attributed to the fact that early-type galaxies host larger and stronger bars than late-type galaxies (e.g. Buta & Combes, 1996) , although, as pointed out in Laurikainen et al. (2007) and Laurikainen et al. (2004) , a longer bar does not implies a stronger bar and, in fact, in early-type galaxies the bar induced tangential forces are weaker because they are diluted by the more massive bulges 10 .
This does not mean, necessarily, that bars are not efficient agents in building up bulges. It is still not clear if bars are long-lasting structures or not. If bars are not long-lasting structures but recurrent patterns (Bournaud & Combes, 2002) then the fact that we do not find differences between barred and non-barred galaxies would not necessarily imply that bars are not important for secular evolution but, simply, that non-barred galaxies could have been barred in the recent past. However, most numerical simulations show that, once formed, bars are robust structures (Shen & Sellwood, 2004; Athanassoula et al., 2005; Debattista et al., 2006; Berentzen et al., 2007; Villa-Vargas et al., 2010; Kraljic et al., 2012; Athanassoula et al., 2013) . Furthermore, at least in massive disk galaxies, bars have the same stellar population properties of bulges (old, metal rich, and [α/Fe]-enhanced stellar populations; Sánchez-Blázquez et al. 2011; Pérez et al. 2009 ) which, in many cases, are very different from that of the disk (see Sect. 3). This result also supports (although it does not prove, see Sect. 3 11 ) the idea that bars formed long ago. The longevity of bars is also suggested in studies of the bar fraction evolution (e.g. Sheth & et al., 2008) , which find a similar bar fraction at z∼0.8 to that seen at the present-day for galaxies with stellar masses M * ≥ 10 11 M ⊙ . In addition, non-axisymmetric structures, such as nuclear spirals, can drive gaseous inflows (e.g. Kormendy & Fisher, 2005) , which could dilute the differences between barred and non-barred galaxies.
Stellar population of bars
As the debate of the durability of bars is still open and its influence may be crucial for the formation of bulges, it is also important to study the stellar populations hosted by bars. Very few works, however, have dealt with this problem. Gadotti & de Souza (2006) obtained the color and color gradients in the bar region of a sample of 18 barred galaxies. They interpreted the color differences as differences in stellar ages and conclude that younger bars were hosted by galaxies of later types (see also Gadotti, 2008) . However, as we mentioned in Sect. 2, the effects of age-metallicity degeneracy and dust extinction are strongly degenerate in colors and, therefore, conclusions based on only colors remain uncertain. Pérez et al. (2007) and Pérez et al. (2009) performed an analysis of the stellar population of bars in early-type galaxies using line-strength indices. They found that the mean bar values of SSP-equivalent age, metallicity, and [α/Fe], correlate with central σ in a similar way to that of bulges, pointing to an intimate evolution of both components. Galaxies with high central σ (>170 kms −1 ) host bars with old stars while galaxies with lower central velocity dispersion show stars with a large dispersion in their ages.
These authors also analyzed the stellar population gradients along the bars and found three different behaviors: (1) bars with negative metallicity gradients. These bars have young/intermediate stellar populations (SSP-equivalent values < 2 Gyr) and have amongst the lowest stellar velocity dispersions of the sample; (2) bars with no metallicity gradients. These galaxies have, however, positive age gradients and (3) bars with a mean old stellar population and positive metallicity gradients (more metal-rich at the bar ends).
The fact that bars are composed of old stellar populations does not mean that they formed long ago, as the bar might have formed recently out of old stars in the disk. One way to disentangle these two options is to compare the stellar populations of the disk and the bar at the same distances. In Sánchez-Blázquez et al. (2011) , this comparison is made for two galaxies, finding that stars in the bar are older and more metal rich than those of the disk. Furthermore, the gradient in both parameters is much flatter in the bar. In general, they found that the stellar content of the bar is more similar to that of the bulge than to the disk. However, the sample of this study remains small and biased towards early-type bulges. Clearly, a larger study sampling larger samples of galaxies covering all morphological types is still needed.
Star formation histories
The majority of stellar population studies in bulges are based on the comparison of the observed colors or spectral properties with the predictions of SSP models. While the SSP assumption may not be a bad approximation for massive elliptical galaxies, it is most likely not a good one for spirals, which are believed to have a more extended star formation history (Kennicutt, 1993; James et al., 2008) .
In cases were the star formation history has been more complicated than just a single burst, the interpretation of the results based on analyses of single-stellar population is difficult. Bulges with an intermediate SSP-equivalent age could have formed all their stars at intermediate epochs or almost all at very early times and a small fraction at recent epochs.
To avoid these difficulties, some authors have tried to analyse their data assuming more realistic star formation histories. There are several examples in the literature where the stellar population properties have been derived using a parametric approach MacArthur et al., 2004; Kauffmann & et al., 2003) where a predefined shape for the star formation history and chemical enrichment is assumed. In this case, some parameters are fixed while others are fitted by comparing the observations with the predictions of the models. Ganda et al. (2007) compared three line-strength indices with the predictions based on two burst, and on exponentially declining star formation histories. They obtained, respectively, the age, metallicity and mass fraction of the youngest burst, and the e-folding (τ) time in the case of the exponentially declining star formation history. In the first case, they concluded that degeneracies in the parameter space prevented them from extracting useful conclusions. In the second case, they found that bulges with a larger central σ showed shorter e-folding times, more consistent with an instantaneous burst scenario. Low-σ galaxies have larger τ, indicating a more extended star formation history (see Fig. 6 ).
The problem with this approach is that the results depend strongly on the priors -i.e., the wrong answer can be obtained with the wrong assumptions about the star formation history. Furthermore, the use of only a few line-strength indices makes it difficult to break the existing degeneracies in the parameter space, such as the age of the burst versus its strength, or the τ-metallicity degeneracy.
The availability of high-quality stellar libraries and associated stellar population models (e.g. Sánchez-Blázquez et al., 2006b; Vazdekis et al., 2010; Bruzual & Charlot, 2003; Conroy & van Dokkum, 2012 ) that predict, not only individual absorption line features but the whole spectral energy distribution, has allowed the development of new techniques that, fitting the whole spectrum, are able to obtain, not only SSPequivalent ages and metallicities, but a more, in principle realistic, star formation history. Furthermore, by considering the information provided by the entire spec- trum, the age and the metallicity are more easily separated . These techniques are non-parametric -i.e., no predefined shape for the star formation history is assumed. Codes that have been used to study the stellar population properties of galaxies include MOPED (Heavens et al., 2000) ; VESPA (Tojeiro et al., 2007) ; STECKMAP (Ocvirk et al., 2006b) ; STARLIGHT (Cid Fernandes et al., 2005) ; SEDFIT (Walcher et al., 2006) and ULySS (Koleva et al., 2009) . Using these new tools, one can fit an observed spectrum in terms of a model built by a linear combination of a number of SSPs with different ages and metallicities. The kinematics can be calculated at the same time by convolving the model with a Gaussian line-of-sight velocity distribution. In some cases, dust can be modeled assuming a reddening law. Figure 7 shows an example of a fit to the integrated spectrum of NGC 628 using the code STECKMAP (Ocvirk et al., 2006b,a) , together with the derived flux and mass fractions for stars of different ages and the age-metallicity relation .
The problem of inverting a spectrum to derive detailed star formation and chemical enrichment histories is ill-conditioned -i.e., small fluctuations in the data can produce strong variations in the final solution -and different codes try to overcome these issue with different methods. The accuracy of the recovered star formation history depends critically on the signal-to-noise of the input spectra and, depending on this value, one can recover more or less different stellar populations described by an age and a metallicity. However, with spectra of enough quality, the methods have shown that they can recover reliably both the age distribution and the age-metallicity relation (see, e.g. Cid Fernandes et al., 2005; Ocvirk et al., 2006b; Sánchez-Blázquez et al., 2011) .
Robust quantities, even when derived from a spectrum with low signal-to-noise, are the mean values of age and metallicity (Cid Fernandes et al., 2005) that are usually weighted with the light (LW) or the mass (MW) of the stars. These are obtained as: where A represents the physical parameter (age or metallicity) and mass i and flux i are, respectively, the reconstructed mass and flux contributions of the stars in the i-th age bin, as returned by the code. When present, young stars are very luminous in the optical and, therefore, contribute more to the light-weighted values. This means that the light-weighted values of age will be biased towards the youngest stellar components. The mass-weighted values will be less biased but they are also more uncertain, as the contribution to mass by low-mass faint stars can be very important. It is interesting to make a comparison between the SSP-equivalent parameters and the averaged ones obtained from the full star formation history. This comparison was made by Trager & Somerville (2009) . In their work, the authors derived stellar population parameters from synthetic spectra generated by a hierarchical galaxy formation model. Figure 8 shows the comparison of the SSP-equivalent ages and metallicities with the mean values weighted with both light (in the V-band) and mass. As can be seen, the SSP-equivalent ages are always lower than both the luminosity-and mass-weighted averages. In particular, SSP-equivalent ages reflect more closely the age of the last episode of star formation while luminosity-weighted means, although still biased towards the ages of the youngest components, are closer to the unweighted mean. On the other hand, SSP-equivalent metallicities and abundance ratios are less severely biased.
Some studies have used the non-parametric techniques to analyze the star formation histories of galaxy bulges (MacArthur et al., 2009; Sánchez-Blázquez et al., 2011; González Delgado & et al., 2014) . The first conclusion from these studies is that the SSP is a very bad approximation for the star formation history of these objects. Furthermore, MacArthur et al. (2009) and Sánchez-Blázquez et al. (2011) found that in a mass-weighted context, all bulges in their sample were predominantly composed of old stars, independently of their central velocity dispersion. In fact, the previously reported trends of age with central velocity dispersion disappear when mass-weighted values of age are used instead of light weighted ones. This can be seen in Fig. 9 , from MacArthur et al. (2009) .
The result that bulges are dominated, in mass, by old stars applies to all types of bulges (early-and late-type, showing different Sérsic index, and with and without bars). However, this type of analysis has been performed on a very low number of galaxies. It would be desirable to extend this work to a complete sample of bulges covering a range of masses and morphological types. Ideally, one would like to quantify the mass contribution of the young component and correlate this with other properties of the bulges, such as the mass, the environment, the presence of bars, and the spiral arm morphology. This would allow one to study the importance of secular versus external mechanisms in building up the central bulges.
Recent works deriving the star formation history for large samples of spiral galaxies are those performed on data from the CALIFA survey (Pérez & et al., 2013; González Delgado & et al., 2014; Sánchez-Blázquez & et al., 2014) . None of these studies has yet especially investigated the population in the bulge, but Pérez & et al. (2013) analyze the mass assembling history of the central parts of galaxies compared with the rest of the galaxy for galaxies of all morphological types binned in mass. They found that galaxies with stellar mass M * > 5 × 10 10 M ⊙ have grown quickly their inner part, 5-9 Gyr ago, while lower mass galaxies formed their stars more slowly.
One caveat to all these studies performing full spectral fitting is that they use stellar population models with chemical abundance ratios scaled to solar (e.g. Bruzual & Charlot, 2003; Vazdekis et al., 2010) . This implies that the models are tuned to the specific chemistry and star formation history of our MW. This is because the empirical spectral libraries are limited to those stars in the solar neighborhood.
While predictions of the strengths of Lick/IDS indices with variable abundance ratios have been made for SSPs of different ages and metallicities (Trager et al., 2000; Thomas et al., 2003; Proctor et al., 2004; Tantalo & Chiosi, 2004; Lee & Worthey, 2005; Annibali et al., 2007; Schiavon, 2007 ) using a semi-empirical approach, the calculation of the entire spectral energy distribution is more challenging. However, in the last few years, full spectrum fitting models have been extended to in- clude variation in the elemental abundance patterns, using either theoretical stellar libraries or semi-empirical approaches (Coelho et al., 2007; Walcher et al., 2009; Conroy & van Dokkum, 2012) . The first studies using full spectral fitting to derive chemical abundance ratios of different elements are starting to appear in the literature, all using samples of early-type galaxies (Conroy et al., 2014; Walcher et al., 2009) . This is, however, a challenging task, due to the large number of parameters to fit and the possible degeneracies between them.
Spatially resolved stellar populations in bulges
Most stellar population studies in bulges have been done using the integrated properties inside a certain aperture. In case of spectroscopic studies, this aperture commonly encloses just the very central parts. However, if we want to have a full under-standing of bulge formation, it is necessary to gain knowledge of the variations of the stellar populations with radius. These variations are intimately connected with the dynamical processes that led to the formation of these structures, the degree of dissipation, and the possible re-arrangement of material.
Mergers with gas dissipation or monolithic collapse scenarios predict steep metallicity gradients (Eggen et al., 1962; Larson, 1974; Arimoto & Yoshii, 1987) and strong gradients in [α/Fe] (Ferreras & Silk, 2002) . The predictions for secularly formed bulges are more complicated. As they formed from redistribution of disk stars, the final metallicity gradient will depend on the original gradient in the disk and the scale-length of the final bulge and also on the disk heating (Moorthy & Holtzman, 2006) . However, lower metallicity gradients are expected compared to those of the first scenario. Observationally, the Galactic bulge, which manifests many characteristics of a peanut-shaped bulge, has a clear vertical metallicity gradient, such that the more metal-rich part of the metallicity distribution thins out towards high latitudes (Minniti et al., 1995; Zoccali et al., 2008; Gonzalez et al., 2011) . This result has long been taken as a signature for a classical bulge in the MW. However, recent results have shown that the stars that have been scattered furthest from the disk are the oldest stars and, consequently formed from the least metalenriched fuel (Freeman, 2008; Martinez-Valpuesta & Gerhard, 2013) . The buckling process may hence establish a negative minor-axis metallicity gradient (which is observed in the MW and NGC 4565 (Proctor et al., 2000) .
Several articles have studied the variation of the spectral features with radius in bulges (Moorthy & Holtzman, 2006; Jablonka et al., 2007; Morelli et al., 2008; MacArthur et al., 2009; Sánchez-Blázquez et al., 2011; Ganda et al., 2007 ) and compared them with stellar population models to obtain either SSP-equivalent parameters or mean values, based on the recovery of the star formation history. These studies find that most bulges have SSP-equivalent or luminosity-weighted negative gradients in the metallicity, almost no gradients in age, and slightly positive or null [α/Fe] gradients. Metallicity gradients in the bulge regions are generally steeper than those in the disk region (Moorthy & Holtzman, 2006; Sánchez-Blázquez et al., 2011) . Figure 10 shows the distribution of the SSPequivalent gradients for a sample of bulges taken from the work of Morelli et al. (2008) .
These values are similar to the ones found in elliptical galaxies, although the quantitative comparison is not that clear. Jablonka et al. (2007) and Morelli et al. (2008) do not find any difference in the magnitude of the bulge gradients and those of elliptical galaxies, while Williams et al. (2012) , on the other hand, found that the gradients in boxy bulges are shallower than those in elliptical galaxies at a given σ .
Several studies have also looked for correlations between the gradients and other properties of the galaxies, such as the central σ , the luminosity or the mass, to check if they are related with the potential well of the galaxy, as the central values are. Goudfrooij et al. (1999) and Proctor et al. (2000) found that gradients were correlated with luminosity and central σ , respectively, although from very small samples, while Jablonka et al. (2007) found no such correlation. However, there seems to be a trend for which small bulges have lower gradients (see also Moorthy & Holtzman, Fig. 10 Distribution of the gradients of age (left), metallicity (central), and [α/Fe] enhancement (right) for a sample of galaxies. The dashed line represents the median of the distribution and its values is also reported. The solid line represents a Gaussian centered on the median value of the distribution. Their σ is approximated by the value containing the 68% of objects of the distribution and is noted in the inset label. The green and blue arrows show the average gradient found for earlytype galaxies and bulges by Mehlert et al. (2003) and Jablonka et al. (2007) , respectively (figure from Morelli et al. (2008) ).
2006; González Delgado & et al., 2014) . This, in principle, could be attributed to the fact that secularly formed bulges are more common in low mass galaxies.
The possible differences between the gradients of bulges with and without bars have also been explored in a few works, and none of them find any significant one (Moorthy & Holtzman, 2006; Jablonka et al., 2007; ). However, Moorthy & Holtzman (2006) reported that when a positive age gradient was present, it was always in barred galaxies, which could indicate that these objects have more extended star formation in their centers due to bar-driven inflow of gas. This result agrees with that of Gadotti & dos Anjos (2001) , who found a greater prevalence of null or positive color gradients in barred galaxies than in non-barred galaxies, which they interpret as an evidence for gradients being erased by bar-driven mixing. Nonetheless, this has not been confirmed in other studies (Jablonka et al., 2007) . The reason for the discrepancies could be, once again, the orientation of the samples. The majority of authors agree that positive age gradients are normally the consequence of the the presence of central disks or nuclear rings with recent star formation (e.g. Morelli et al., 2008) . As central disks and rings are likely more common in barred galaxies, this can explain the differences between barred and non-barred galaxies found by Moorthy & Holtzman (2006) and also the lack of differences reported in the edge-on sample of Jablonka et al. (2007) , as these flattened central structures will not contribute to the observed light of the bulge in these orientations.
This interpretation of the age gradients as the consequence of the presence of central younger structure is supported by the fact that the mass-weighted age gradients are, in the majority of cases, much flatter than the luminosity-weighted or the SSPequivalent ones, indicating the the majority of the stars in the bulge are old and share a common age, while a small fraction of stars concentrated in central structures are causing the observed radial trends (MacArthur et al., 2009; Sánchez-Blázquez et al., 2011; Sánchez-Blázquez & et al., 2014; González Delgado & et al., 2014) .
Interestingly, Jablonka et al. (2007) find that the line-strength indices at 1 r eff 12
were very similar for all the galaxies, independent of their mass or morphological type, and the different gradients come from the differences in their central indices.
An issue in measuring the gradients of age, metallicity and [α/Fe] in bulges could be the contamination of their stellar population by the light coming from the underlying disk stellar component. This effect is not important in the galaxy center but it can have an enormous impact in the stellar population estimates of the external parts where the contribution from the disk to the total light is more important. Different authors have tried to quantify one way or the other this contamination from the disk to the bulge light (see Jablonka et al., 1996; Moorthy & Holtzman, 2006; Morelli et al., 2008) and it does not seem to be very important, but the number of tests is small and disk contamination is still an issue in the measurement of gradients. Studies of edge-on galaxies (Jablonka et al., 2007) do not have this problem although they have the drawback of being blind to flatter components in the center of the galaxy.
The bulge-disk connection
The age distribution of disks is of obvious importance for constraining scenarios of disk-bulge formation. Correlations between the disk and bulge colors have been found by several authors (Peletier & Balcells, 1996; de Jong, 1996; Bell & de Jong, 2000; Carollo et al., 2001; Gadotti & dos Anjos, 2001 ) which stands for both early and late type spirals. The similarity in color between inner disk and bulge has been interpreted as implying similar ages and metallicities for these two components and an implicit evolutionary connection (de Jong, 1996; Peletier & Balcells, 1996) . However, using only colors one cannot directly transform the correlation in colors into correlations of age and/or metallicity.
A correlation between the line-strength index [MgFe] ′ at one disk scale length and in the center was also found by Moorthy & Holtzman (2006) . They interpret this as a correlation between the metallicity of bulge and disk as this index is more sensitive to variations of metallicity than age and it is almost insensitive to variations of [α/Fe].
More recently Sánchez-Blázquez & et al. (2014) performed a full spectral fitting analysis of a sample of 62 nearly face-on spiral galaxies observed as a part of the IFS survey CALIFA (Sánchez & et al., 2012) and showed that the slope of the relation between the luminosity-weighted age and metallicity and central velocity dispersion is similar for the central parts of the bulges and for the disk at ∼2.4 scale-lengths, but the bulges show higher luminosity-weighted ages and metallicities. Figure 11 shows the comparison of the mean values of age and metallicity (both weighted with mass and light) in the center and at 2.5 scale-lengths of the disk. A Spearman rank order tests reflect that, while the metallicities of both components are correlated, the same does not happen with the ages. Fig. 11 Comparison of the average ages (left panels) and metallicity (right panels) weighted by both mass (top panels) and light (bottom panels) measured in the center and at 2.5 scale-lengths of the disk. Different colors indicate if the galaxy is barred (red), non-barred (blue) or weakly barred (orange). The solid line represents the 1:1 relation. For more details see Sánchez-Blázquez & et al. (2014) .
Note that the correlation exists for all early and late-type spirals, spherical and pseudobulges, contrary to the connection between the radial sizes of bulges and disks, that only exists for pseudobulges (Fisher & Drory, 2008) . Therefore either all bulges formed secularly and some had their bar destroyed or other physical processes are responsible for this correlation. Several authors have shown that the correlation between the disk and bulge sizes can exist in major and minor merger remnants. While minor mergers tend to preserve the original bulge-disk coupling of the main progenitor, major mergers are capable of rebuilding a bulge-disk coupling from the remnants after having destroyed the original structures of the progenitors (Querejeta et al., 2015 , and references therein).
On the other hand, Morelli et al. (2012) rule out significant interplay between the bulge and disk components due to the similarity in the stellar population properties of bulges hosted in galaxies with very different disks (high-and low-surface brightness).
Summary
The study of stellar populations can provide the critical test needed to understand the basic mechanism driving bulge formation. However, a clear picture about the stellar population in bulges and their possible correlations with other parameters is still not obvious. We have collated the main results obtained from the study of colors and spectral characteristics and the comparison with stellar population models and can thus summarize them:
• Bulges show a wide range of SSP-equivalent ages and metallicities. There is a trend for which more massive bulges have, on average, older stellar populations and higher values of metallicity and [α/Fe].
• Bulges with high Sérsic index n tend to be old and have high [α/Fe] but it is not clear if this trend is due to the existing trend between mass and n.
• There are not strong differences in the stellar populations of bulges and elliptical galaxies at the same mass, but the details are of this comparison are still not clear and conclusions differ between studies.
• Bulges are, in many cases, composite systems, with disky, boxy/peanut and classical bulges coexisting in the same galaxy. They usually host different stellar populations. Young stars, when present, are located in central disks and rings. These young components are not seen in edge-on samples which has lead studies differing in the orientation of the sample to obtain different results.
• In general terms, there are not very clear differences in the stellar population properties of bulges with and without bars, neither in the central values nor in the variations with radius. If there are differences, those are only present in massive galaxies, and they show up as an excess of young populations when compared to unbarred galaxies.
• When the mass-weighted mean values of age are considered, all bulges, independent of their mass, seem to be dominated by old stars. The trends between age, metallicity, and mass become much flatter and almost non-existent. This is true for bulges with a variety of structural parameters, such as different Sérsic indices or surface brightness profiles.
• Bulges show mild, negative, metallicity gradients and almost null [α/Fe] and age gradients. The distribution of the slopes is similar to that found in elliptical galaxies. At present, there is no agreement about the possible correlation of these gradients and other parameters.
• There is a correlation between the metallicity of the bulge and the disk but not between the ages.
Future prospects
Although considerable progress has been made in the field, there is still much to be done, in order to understand the star formation histories and chemical evolution in the bulges of spirals and S0 galaxies. The first thing we have to deal with is the fact that we cannot make a clean distinction between classical, disky, and boxy/peanut bulges, as many of them coexist in the same galaxy. We need to quantify the preponderance of each component and correlate this with other properties of the galaxies, like the mass, the environment, the presence of bars, type of spiral arms, etc. We need also to understand the physical mechanism that formed each components. For example, numerical simulations have shown that bulges with structural characteristics of pseudobulges can be formed, not only secularly, but also quickly, at high redshift, via a combination of non-axisymmetric disk instabilities and tidal interactions or mergers. Most advances, therefore, will come from the use of new techniques to derive star formation histories that allow us to distinguish different episodes of star formation. The future is promising: Ocvirk et al. (2008) and Coccato et al. (2011) show the feasibility of separating different components, not only in terms of stellar populations, but also kinematically. This is illustrated in Fig. 12 , from Ocvirk et al. (2008) , where the age-velocity distribution for the bulge is shown in two positions (in the center and outside the bulge dominated region of the galaxy). In this work, the authors model the observed spectrum as a sum of 40 components with different ages but, contrary to the traditional assumption that all components share the same line-ofsight velocity distribution (LOSVD), each component was allowed to have its own non-parametric (not necessarily Gaussian) LOSVD. These authors reconstructed the age-velocity distribution of two bulge regions of the Sbc galaxy NGC 4030 and were able to separate two components, one with a relatively young stellar population (∼2 Gyr) and σ ∼ 100 km/s and an even younger (∼ 500 Myr), and kinematically colder (σ ∼ 30 km/s). Its location (outside the bulge-dominated region of the galaxy), kinematics, and relatively young age suggest that this is a young internal disk. The null mean velocity of the structure is expected for the minor axis of a stellar disk. This study demonstrates the feasibility of separating and measuring the age and kinematics of superimposed galactic components from an integrated light spectrum. This type of analysis will be very useful in characterizing the properties of the different components in composite bulges and isolating the properties of their stellar populations. Furthermore, we have mentioned throughout the chapter several results that need to be confirmed with larger samples. Spectroscopic studies of a large sample of bulges with different characteristics are clearly needed to advance in our understanding of bulge stellar populations. Ideally this sample will be observed with an integral field unit -to be able to separate morphologically the different subcomponents -and it will contain galaxies in different environments. Indeed, the influence of environment has not been studied thoroughly. Morelli et al. (2008) analyzed a sample of bulges in the Coma cluster but they did not compare their results with bulges in other environments. Peletier et al. (1999) did not find any difference in the colors of galaxies in different environments and concluded that this parameter does not have a strong influence in shaping the star formation in bulges. Nonetheless, a more comprehensive study remains to be done. A detailed study of the properties of bulges with environment might help us to distinguish between external and internal processes for the formation of bulges.
We expect that instruments that are already operating, such as MUSE (Bacon & et al., 2010) , with superb spatial resolution, will help us to resolve central components, such as nuclear disks or bars. These data will allow the coupling of stellar population and kinematical properties with the morphological characteristics of the galaxies, improving our understanding of bulges in a way it has not been possible before.
